A 72-year-old woman was presented with intermittent claudication of bilateral lower extremities, refractory hypertension, and mild renal impairment. Computed tomographic angiography showed severe aortic stenosis caused by calcifications protruding into the aortic lumen proximal and distal to the visceral and renal branches, so-called coral reef aorta. An axillo-iliac bypass was performed. Postoperatively, the patient developed ileus and acute renal failure, presumably caused by a steal phenomenon to the lower extremities. Endovascular stenting of the aorta increased forward blood flow and dramatically improved the patient's condition. This case study illustrates potential hemodynamic complications after extra-anatomical axillo-iliac bypass for coral reef aorta.
Introduction
The term coral reef aorta (CRA) was first used by Qvarfordt et al. [1] to describe focal calcifications in the aorta. CRA occurs most commonly in the suprarenal abdominal aorta and less frequently in the infrarenal aorta [2] [3] . Calcifications can obstruct the aortic lumen, causing visceral ischemia, hypertension from decreased renal blood flow, heart failure, and ischemia of the lower extremities. We described a patient with coral reef aorta who developed visceral ischemia after extra-anatomical bypass for lower limb ischemia. The visceral ischemia was successfully treated by endovascular aortic stenting.
Case Report
A 72-year-old woman was admitted to our hospital with intermittent claudication and hypertension refractory to medical treatment. She had no history of diabetes, dyslipidemia, abdominal surgery, visceral ischemia, or smoking. Upper limb blood pressure was 180/70 mmHg. The ankle-brachial index was decreased at 0.45 on the right and 0.43 on the left. Serum creatinine was elevated to 1.44 mg/dl, and the estimated glomerular filtration rate was 28.19 ml/min/1.73 m 2 . Computed tomographic angiography revealed calcification and thickening of the aortic wall from the distal thoracic to pararenal aorta, and a narrowed aortic lumen (Figure 1) . Stenosis was severe just proximal to the origin of the superior mesenteric artery and less severe downstream of the renal arteries. The celiac artery was occluded. The patient was diagnosed with coral reef aorta causing decreased perfusion of the kidneys and lower extremities.
Anatomical repair was considered high risk for this patient. Therefore, we performed extra-anatomical bypass from the right axillaryartery to the right external iliac artery using a 10-mm ring-enforced ePTFE vascular graft (WL Gore & Associates, Newark, DE, USA) (Figure 2) . The patient's upper limb blood pressure was 127/65 mmHg after surgery. Her ankle-brachial index improved to 0.70 and 0.64 on the right and left side, respectively. On the second postoperative day, she developed ileus and acute renal failure, with a peak serum creatinine of 2.98 mg/dl. The extra-anatomical bypass might have reduced the antegrade pressure driving blood to the visceral and renal arteries through the narrowed aorta after cardiac output was redistributed to the lower extremities. Endovascular repair was performed using an 8 × 37-mm balloon-expandable stent (Express LD; Boston Scientific, Marlborough, MA, USA) placed in the aorta proximal to the origin of the superior mesenteric artery (Figure 3) . The aortic pressure gradient decreased from 60 to 20 mmHg. Dual antiplatelet therapy (aspirin and clopidogrel) was started, and she recovered from the ileus and acute renal failure. At the 2-year postoperative follow-up, she was well.
Discussion
Symptomatic CRA often has an unfavorable outcome. It compromises perfusion of the digestive system, kidneys, and lower extremities and increases the risk of cardiovascular and cerebral events secondary to hyperten- sion [4] . Treatment options include surgical endarterectomy, aortic reconstruction, extra-anatomical bypass, and endovascular repair [5] . Anatomical repair results in hemodynamic improvement and long-term patency, but is a high-risk procedure with a reported 30-day mortality of 8.7% and a rate of postoperative complications requiring corrective surgery of 13.9% [6] . Schulte et al. [7] reported that 29% of patients experienced complications related to vascular reconstruction, including occlusion of an accessory renal artery, the renal artery, superior mesenteric artery, or inferior mesenteric artery, with ischemia or infarction of the corresponding organs.
Extra-anatomical bypass is a lower-risk treatment option for CRA [8] . It effectively restores blood supply to the lower extremities, and although long-term patency is not guaranteed, we consider this procedure is appropriate given the advanced age of this patient and the relatively high risk of anatomical repair. Ileus and anuria after the bypass was attributed to ischemia resulting from a steal phenomenon to the lower extremities. In our case, a bare stent was chosen because the lower profile might be beneficial in the severely calcified aorta. The patient's condition improved dramatically, but long-term patency of aortic stenting for CRA was uncertain and close follow-up was mandatory.
This case highlights the importance of thorough evaluation of stenotic lesions in coral reef aorta, and illustrates potential hemodynamic consequences of redirection of cardiac output to the lower body following extraanatomical bypass.
